Concise Synthesis of Chiral N-benzyl-, -Diarylprolinols through Shi Asymmetric Epoxidation
Jie 
General information
Unless otherwise noted, all the experiments were carried out under air atomosphere. Tetrahydrofuran (THF) was repeatedly distilled from sodium-benzophenone until effervescence was observed. The other reagents and solvent were directly used from the supplier without further purification unless noted. All the reactions were monitored by thin-layer chromatography (TLC) that was performed on Silica gel plates GF254. Visualization was achieved under a UV lamp (254 nm and 365 nm), and by developing the plates with Potassium Permanganate in water. Flash chromatography was performed using silica gel (200-300 mesh) with solvents indicated in the text. 1 H and 13 C NMR spectra were recorded at 400 MHz NMR and 100 MHz NMR spectrometer respectively.
Infrared spectra were recorded with a think layer of the product on a KBr disk and reported in frequency of absorption (cm -1 ).
High resolution mass spectra (HRMS) data were obtained with an ionization mode of ESI.
The following abbreviations are used: FCC: flash column chromatography; PE: petroleum ether;
EtOAc: ethyl acetate; THF: tetrahydrofuran; ACN, acetonitrile. Under nitrogen, to a suspension of magnesium (2.64 g, 110 mmol) in dry THF (50 mL) was added slowly bromobenzene 15.7 g, 100 mmol in THF (50mL) activated by iodine. At 0 0 C, ethyl 5-bromopentanoate (8.36 g, 40mmol) in dry THF (50mL) was added dropwise to the above mixture.
The solution was allowed to warm to room temperature and stirred over night. The mixture was quenched with 2 N HCl water solution (25 mL), and the THF was evaporated in vacuum. The crude mixture was extracted with ethyl acetate (3 × 50 mL), and the organic layer washed with brine solution, dried over anhydrous Na 2 SO 4 and concentrated under reduced pressure to give crude 1,1-diphenyl-5-bromopentan-1-ol as a yellow oil. A solution of crude 1,1-diphenyl-5-bromopentan-1-ol and concentrated HCl (8 mL) in ethanol (100 mL) was refluxed over night. The resulting solution was evaporated under reduced pressure, and then was neutralized with saturated NaHCO 3 aqueous solution. The mixture was extracted with ethyl acetate (3×50 mL).
The combined organic phase was dried over Na 2 SO 4 , filtered and concentrated under reduced pressure.
The crude product was purified over silica gel column chromatography (PE/EtOAc , 97:3-20:1) to
give the desired product. 163.9, 160.7, 140.5, 138.8, 136.0, 131.6, 131.5, 129.5, 128.9, 128.8, 115.6, 115.3, 115.0, 44.9, 32.3, 29.1, 27 168.9, 168.7, 141.4, 135.9, 132.8, 131.1, 128.5, 127.3, 113.6, 55.4, 32.3, 29.1, 27.4; HRMS (C 19 139.7, 136.9, 136.5, 136.4, 129.5, 128.7, 128.6, 126.9, 126.5, 44.5, 33.1, 27.3, 21.3, 21 141. 0, 140.8, 138.0, 133.5, 133.3, 131.4, 129.2, 128.9, 128.7, 128.6 
Preparation of Shi catalyst
To a mixture solution of D-fructose (180 g, 1mol), 2,2-dimethoxypropane (232 g, 2.2 mol) in acetone (900 mL) was added p-toluenesulphonic acid (9.6 g, 0.05 mol, 5 mol%) at -20 0 C, and then this solution held at 0 -5 0 C for 16 -20 h. The pH was then adjusted to 7-8 with 50% aqueous NaOH, and then the acetone was evaporated under vacuum. Toluene (200 mL) was added and evaporated to remove the remaining traces of acetone. The residue was then dissolved in toluene (800 mL) and washed with brine (250 mL) and then water (25 mL). Approximately half of the toluene was evaporated under vacuum. Petroleum ether (1 L) was added slowly to this solution. The suspension was cooled to -20 0 C and filtered. The crude product was washed with PE and dried to afford 8 (114 g, 44% yield, 96% GC purity) as a white solid.
The mixture solution of 8 (114 g, 0.44 mol) and IBX (o-Iodoxybenzoic acid) (184.8 g, 0.66mol) in EtOAc (1.1 L) was refluxed until 8 was consumed completely. The resulting solution was filtered. The filtered solid (178 g) IBA was stored for recovery purpose. The obtained organic phase was washed with 10% aqueous sodium bicarbonate solution (50 mL) and then followed by brine (50 mL). The obtained solution was dried over Na 2 SO 4 and evaporated to give white solid, which was recrystallized with hot petroleum ether-dichloromethane (100 mL) to afford Shi catalyst (100 g, 88% yield, >99% GC purity). 
Preparation of Shi pyranose catalyst
Shi pyranose catalyst (100 g, >99% GC purity, 38% yield) was prepared followed by the Shi catalyst procedure from L-fructose. respectively added dropwise through two separate addition funnels over a period of 3 h at 0 0 C. After addition, the reaction was stirred for another 3 h at this temperature, and then diluted with water (150 mL). The resulting solution was extracted with PE (150 mL×2), dried over Na 2 SO 4 , and concentrated to afford the crude 3a (1.56 g, >95% purity), which was applied to next step without purification.
The mixture solution of the above obtained crude 3a (1.56 g, ~3.3 mmol), benzyl amine (0.706 g, 6.6 mmol), potassium carbonate (0.91 g, 6.6 mmol) and freshly activated 4Å molecular sieves (1.56 g) in acetonitrile (10 mL) was refluxed for 14 h. the resulting solution was filtered and evaporated to give the crude product which was purified over silica gel chromatography (EtOAc/PE, 1:20 to 1:10) to afford 4a as a white solid.
(S)-(1-benzylpyrrolidin-2-yl)diphenylmethanol (4a) 135.5, 135.3, 128.7, 128.7, 128.5, 127.9, 126.6, 125.2, 77.6, 70.6, 60.6, 55.5, 29.8, 24.1, 20.9 3, 144.1, 141.8, 141.6, 139.7, 128.5, 127.9, 127.4, 127.3, 126.6, 125.4, 125.2, 77.7, 70.8, 60.6, 55.6, 29.9, 28.4, 28.3, 24.2, 14.4, 15 , 3061, 3028, 2963, 2871, 2804, 1488, 1403, 1092, 1012, 809, 699 6, 145.2, 139.4, 132.7 132.5 128.7, 128.7, 128.6, 128.5, 127.3, 127.3, 127.2, 77.4, 70.6, 60.8, 55.7, 30.0, 24 AD-H column (250×4.6 mm, i.d.) with a mixture of hexane and 2-propanol (90:10) at a flow rate of 1.0 mL/min as the mobile phase, oven temperature was 28 0 C, 210 nm, t minor = 6.8 min, t major = 7.4 min.
Procedure for the synthesis of 5
Under nitrogen, to a suspension of magnesium (2.64 g, 110 mmol) in dry THF (50 mL) was added slowly bromobenzene 15.7 g, 100 mmol in THF (50mL) activated by iodine. At 0 0 C, ethyl 6-bromohexanoate (8.9 g, 40mmol) in dry THF (50 mL) was added dropwise to the above mixture.
The solution was allowed to warm to room temperature and stirred over night. The mixture was quenched with 2 N HCl water solution (25 mL The synthesis of 7 is followed by the procedure for the synthesis of 4a i-PrOH/Hexane, 210 nm, t minor = 7.1 min, t major = 7.6 min.
